Today, it is well known that ambient air pollution exposures may be related with different health outcomes including adverse birth outcomes (for instance, low birth weight and preterm birth). Then, researchers must estimate exposure to air pollution during different critical windows of exposure across pregnancy. In the literature, the most commonly examined critical windows of exposure are the first, second, and third trimesters of pregnancy, although the entire pregnancy is also studied. In this context, we developed an automatic procedure which estimates individual exposures by trimester. We illustrate usage of
Introduction
It is well documented that environmental exposures, and particularly ambient air pollution, may elicit adverse birth outcomes-including low birth weight and preterm birth [1] . This is of great interest in terms of public health, as preterm birth is also a predictor of both infant mortality and increased long-term morbidity in adulthood. Several epidemiological studies suggest that associations between air pollutants' concentrations and birth outcomes may vary, depending on the gestational age at which pregnant women are exposed [2] [3] . The most commonly examined critical windows of exposure are the first, second, and third trimesters of pregnancy, although the entire pregnancy is also studied.
For instance, whereas a number of epidemiological studies investigating associations between preterm birth and exposure to PM 10 revealed increased risk during the third trimester only [4] [5] [6] [7] [8] , some identified the entire period of pregnancy [4] [9] , and others demonstrated an increased risk during specific trimester of pregnancy [10] [11] [12] . Similar results were found for low birth weight, with several studies demonstrating an increased risk with the rise of PM 10 during the first or second trimesters while others showed an association when exposure was assessed over the entire pregnancy [7] [11] [13] [14] [15] [16] . This diversity of the epidemiological results demonstrates the need for additional studies in order to better characterize the critical window(s) of exposure and understand the biological mechanisms which might explain the differentiated increased risks of preterm birth and low birth weight across such window(s). To our knowledge, no automatic function facilitating reconstitution of air pollution exposure during pregnancy period exists. A procedure that aims to help the assessor to estimate individual exposures by trimester has been developed as part of the Equit'Area Project-a public health research program exploring social and environmental determinants of health inequalities in France.
More precisely, one objective of the Equit'Area research is to study the air pollution adverse effect on the preterm birth and on the low birth weight, separately, and to investigate to what extend this association could be modify according to the level of neighborhood socioeconomic deprivation. The assessment of the individual exposure could represent a long and crucial process in this kind of epidemiological study. For this reason, we have developed a specific R package named Pregnancy Air Exposure, which is freely available from the Equit'Area project website: http://www.equitarea.org/documents/package_Exposure. The package contains both the functions and the help files needed to run the procedure and obtain air pollution exposure estimates by pregnancy trimester. In this paper we explain the Pregnancy Air Exposure package and illustrate its use for births certificates in the city of Paris (France) in 2011.
Material and Methods

Data
Study area-The example data provided in the Pregnancy Air Exposure package concerns the city of Paris (capital). The spatial analysis unit of air pollution data is the sub-municipal NO 2 has been chosen as the relevant pollutant for this study for several reasons:
• Firstly, ambient air NO 2 is considering being a good indicator of air pollution generated by traffic and other combustion sources [19] .
• Secondly, it is also recognized that the spatial variability of the NO 2 distribution is higher than for other pollutant such as particulate matter PM10 or PM2.5.
• Thirdly, previous studies have demonstrated that exposure to dioxide may be related to adverse birth outcomes [2] 
Air Pollution Exposure by Pregnancy Trimester
The procedure follows two independent and successive steps:
Step 1: Daily reconstitution of air pollutant concentrations at the census block level.
Daily concentrations of the pollutant in each census block were estimated based on the combination of the annual average concentration modeled in the census block with the relative daily variations to the annual average of its index monitor (as the index monitor is assumed to be representative of the daily variations of air pollution within the census block). For example, if, for a given day, the index monitor measured that daily concentrations of nitrogen dioxide were 10% lower than the annual average at this same location, the daily concentration in this census block is set 10% lower than its annual average concentration.
Step 2: Calculation of individual air pollutant exposure by pregnancy trimester.
For each birth, individual exposure to air pollution by trimester of pregnancy is estimated using the date of birth, the gestational age, and the census block in which the mother lived during her pregnancy, by averaging the indicator of daily concentrations of this census block over each trimester of pregnancy. The trimester divisions used are 1 -13 weeks, 14 -26 weeks, and equal or higher than 27 weeks to birth. If the gestational age is less than 26 weeks, the second trimester goes from the 14th week to birth. In order to take into account the fact that the trimester of pregnancy can last from one to 13 weeks, the procedure also gives the length of each trimester, which can be used as weights for respective trimester exposures in a further statistical analysis.
Pregnancy Air Exposure Package
The package Pregnancy Air Exposure is available on the Equit'Area website and the installation is standard.
Pregnancy Air Exposure is composed of two main functions: Reconstitution function creates the indicator of daily concentrations of the pollutant in each census block. Two data sets need to be specified: a data.frame 
Example
Descriptive Analyses of the NO2 Distribution
Application of the R Package
The package can be used with different spatial scales and for any air pollutant.
Here is a complete example of the use of the package, for the city of Paris, at the census block scale and for nitrogen dioxide (NO 2 ). In order to load your own air pollution data, the read. each year has to be complete from the 1st January to the 31st December. In the present example (Table 1) , the data.frame contains 11 variables (one characterizing the dates and 10 qualifying the monitoring stations) and 730 observations (representing the total number of days for the 2 years, 2010 and 2011).
Annual averages and index monitors by census block must also be imported:
R > data (annual NO 2 Census Block).
You can load your own air pollution data using the read.table command, but these data need to verify the following conditions. The variables containing annual average of air pollutant have to be named "Mean_YYYY" (e.g. "Mean_2010").
Each spatial area must appear only once in this data.frame.
In our example, the data contains 4 variables and 992 observations. You find in Table 2 the first and last lines of the data.frame, with the average of NO 2 concentrations expressed in μg/m³. Then, the reconstitution at census block level can be done using the reconsti- (Table 3) . Now, from the daily NO 2 concentrations for each census block, the procedure estimating exposure for each pregnancy trimester can begin.
First, birth data must be imported:
> data ("births").
When importing your own birth data, input data must contain at least the 4 following variables with no missing values (Table 4) The first and last observations are the following ones: The result of this function is the data.frame containing births data, and the 8 new variables described before ( Table 5 ). The first and last rows for these new variables are:
If pregnancy lasts less than 27 weeks, the observation will look like: (with "NA" representing a missing value) The second function computing trimester exposures can be used on its own, "for different exposure assessments. As an example, the census block attributed to each birth can be replaced by a monitoring station (probably the closest station from where the mother lives), and pollution data in the first parameter by 
Conclusion and Perspectives
In this article we have presented the Pregnancy Air Exposure package designed to ease the estimation of exposure to air pollutants during three windows across pregnancy trimesters. To our knowledge, no such reproducible procedure had previously been proposed. One advantage of the package is that the two implemented functions can be used independently. For instance, if input data are already in the appropriate format, the first function is not needed, and exposure during pregnancy periods can be readily estimated. As a domain of application for future work, the package could be used to extend estimation of air pollution to pre-pregnancy-during the conception period, for instance. Lastly, we expect to extend the package in the future, such as implementing complementary functions and additional tools that would allow visualization of results (such as mapping). These improvements will be made in response to user feedback and requirements.
